Abstract-Video segments may be characterized by formal design features with respect to factors such as complexity of narration, mutual influence of picture and sound, use of superimposed texts, information load due to technical terms, and animation. The paper suggests ways to operationalize these factors and reports about an experiment in which the influence of these formal features was studied with respect to perceived information load of video segments by learners. The length of a segment was thereby counted as the number of information elements it contains. An information element is defined as one uninterrupted statement of the narrator about which one factual question can be presented. The experiment was carried out by using an experimental videodisc programme about cheesemaking that contains 252 information elements which form a connected discourse of 36 min if the programme is played linearly without stopping. Subjects had the task to divide this programme into segments by deciding for themselves how often they would stop before completing the programme.
INTRODUCTION
Interactive video may be conceived as the combination of the interactive capabilities of the computer and the audiovisual power of video. This combination is generally considered as a powerful kedium for delivering instruction, nowadays often incorporated in so-called multimedia systems.
An essential property of adding computer control to video programmes is the possibility to stop for questions or exercises or to give feedback to students about their progression, at any desired moment. A simple but fundamental question is: What is the optimum moment to stop for the purpose of achieving maximum learning? The literature gives some ideas with respect to this question, e.g.[l-31. Very short segments may limit the impact of typical video design factors on the building of discourse to such an extent that the communication possibilities of video are not used to their full potential. On the other hand, very long segments may offer more information than learners can handle. A central issue in this respect is the information load of segments as perceived by the learners. This information load is determined by the number of subject-matter components within each segment and possibly influenced by aspects of the presentation form such as the correspondence of narration and images and the use of superimposed texts. To study the influence of these and similar aspects, an experimental videodisc programme about cheesemaking was used that contains 252 information elements which form a connected discourse of 36 min if the programme is played linearly without stopping [4] .
RESEARCH QUESTION
The study was undertaken to answer the following research question:
To what extent do selected formal features of video segments influence the information load of these segments as perceived by the learners?
An information element is defined as one uninterrupted statement of the narrator about which one factual question can be presented. The subjects who watched the programme had to decide for themselves how often they interrupted the programme, thus determining their preferred segment 
Technical terms
The difficulty of an instructional programme is, in part, determined by the novelty of terms in the programme text. Two factors are at stake:
(a) novelty of terms as such (new terms are more difficult than familiar ones); (b) the number of times that a new word is encountered--each time a new word is encountered, it becomes more familiar, which may decrease its perceived difficulty.
How familiarity of new terms and increase of this familiarity during a lesson have to be taken into account is as yet unclear. Direct measurement of word familiarity appears to be extremely difhcult if not impossible, among other things due to subjectivity and cumbersomeness of the methods that may be used [5, pp.48-511 . For the study, it was therefore decided to select a rather straightforward measure to get at least some indications about the influence of novelty of terms on decisions about segment length. TT was introduced as a variable in the study to investigate whether novelty of terms requires a weighting factor. In the study, technical terms are rated as new if the terms can be considered unfamiliar to the subjects before they start watching the experimental video programme.
A rather simple variable was chosen because it can be rated easily. which is of practical value to media designers. (This consideration is relevant for all the variables.) A separate study was carried out using a panel of eight experts to categorize technical terms and provide a value of TT for every information element.
Although an information element is defined as one uninterrupted statement of the narrator about which one factual question can be presented, in practice many sentences contain more than one fact that can be logically derived in the form of propositions.
The sentence "Pasteurization kills harmful bacteria", for instance contains two propositions that may both be instructionally relevant: (a) "pasteurization kills bacteria" and (b) "these bacteria are harmful". PP was also used as a measure of complexity of sentences. A feasible rule of thumb is to count such propositions to determine how many facts in an information element lend themselves to question formulation.
The kind of propositions that are sought are thus the "meaningful propositions" that were mentioned by Gagne[I 5, p. 1621 as basic building blocks of verbal information acquisition. This approach introduced arbitrary decisions in the process of analysing content. This problem was addressed by asking experts to rate each information element for the number of propositions contained in it (the same panel of experts that was mentioned with respect to rating technical terms).
Correspondence qf video images and audio narration
In audiovisual presentations, the visual channel and the audio channel are used simultaneously to convey messages. The literature16111 supports the belief that proper between-channel correspondence promotes learning and that BCC affects the information load of audiovisual presentations. How to control BCC is, however, a complex matter. and (e) the mutual tuning of audio and pictures in general, inclusive of the wording and timing of commentary relative to the pictures. For every new product, the designers have to make content-driven local decisions to optimize BCC with respect to these factors. This is true for the experimental video programme for the present study as well. For the study, the question is whether BCC affects segment length when subjects are free to choose segment length on their own.
Correspondence of narration and images
In this study, the correspondence of video images and audio narration was rated on a four-point scale from 0 to 3 representing the following: 0-The narration describes what the video image shows. The content of the narration is visible on the screen. Example: the picture shows a machine shop with a number of cheesemaking tanks. Three are visible. The narration says that "In the machine shop a number of cheesemaking tanks are mounted". l-The narration presents non-visible factual information that is directly related to the visible objects of the video image. Example: the picture shows the exterior of a curd-dosing machine while the narration says that "within the curd-dosing machine, whey is extracted from the curd as much as possible". 2-The narration presents information that is associated with the video image without being directly related to the depicted objects. Example: the picture shows a general laboratory scene with respect to testing of milk while the narration says that "On entering the cheese plant, the precise composition of the milk is determined". 3-The narration presents information that has no direct association with the video image-the video image is just a background without reinforcing nor affecting the narrated message. Example: the picture shows the same laboratory scene where a laboratory worker is filling a test-tube while the narration says that "milk that does not meet the requirements is elsewhere used for non-food products".
The same panel rated TT, PP, and BCC.
Superimposed text
A particular form of between-channel correspondence is formed by superimposed texts that support narration. Research by Heuvelman [12] and by Van der Heijden [ 131 give reason to expect that superimposed texts that support narration may be beneficial for learning. In the current study, TX was therefore taken as one of the variables that are hypothesized to play a role with respect to information load of info~ation elements. The presence or absence of superimposed text is a rather straightforward measure. The answer can only be "yes" or "no", in the study scored as 1 or 0.
Animation
Animation is traditionally a representation technique from the film and video world. It varies from simple stop-motion formats in which message components are stepwise developed (in instructional situations usually synchronous to narration) to detailed cartoons in full motion. Computers allow the possibility of integrating animation into computer-based instruction. Rieber[l4] posits that in computer-based instruction animation has been used to fulfill or assist one of three functions: attention-gaining, presentation, and practice. Research with respect to the applications of animation for these functions is, however, limited. Rieber sees reason to advise that animation should be incorporated only when its attributes are congruent to the learning task. These attributes include: visualization, motion, and trajectory (the path of travel of an animated object).
In the audiovisual world, the situation is not much better as far as research is concerned. The usefulness of animation techniques seems, however, to be accepted as self-evident. Animation is considered to be a common presentation option that can be put into operation whenever its application seems feasible. However, experience suggests that an important feature of animation is that animated visualizations must be strictly to the point, without any distracting detaiifll].
One sequence of the experimental video programme in the present study animated to explain a microscopic phenomenon that cannot be observed through ordinary microscopes. The sequence fulfills a presentation function. An attempt was made to develop that sequence as a tight combination of images and narration. The specific character of animation, in the context of the programme, led to the decision to regard the presence or absence of animation as a formal feature of the information elements. AN was therefore introduced as a variable in the study.
The presence of a video image from a live camera or animation was measured by yes or no, in the study scored as 1 or 0.
RESEARCH METHOD

The experimental interactive video programme
The experimental videodisc programme had two parts: an introduction of 4.5 min (Information Elements l-33, 31 questions) that was used to familiarize the subjects with the experimental procedure, and a main programme of 31.5 min (Information Elements 34-252, 219 elements with 213 accompanying questions) which was used as the test section of the experiment. The controller ensures that the video can only be started or stopped between two information elements. This ensures video segments always consist of whole numbers of information elements.
Experimental procedure
The subjects worked individually according to the following basic procedure:
--In the ready position to begin a new segment, the screen showed a video still with the superimposed message "click the mouse". This video still was the first frame of the information element with which the segment would start. --After clicking, the programme started playing until the subject decided that it was time to ask for it to stop by again clicking a mouse button. The programme then stopped at the end of the information element in which the stop was requested. This defines a segment: if the playing started with element i, and the programme stopped at the end of element i + k, a segment containing k + 1 information elements was created.
---The subject then answered all k + 1 questions about the segment just viewed, one question after the other. All questions were open questions that required short sentences, single words, or numbers to be typed in as answers. -Next, all questions were repeated one by one corresponding to the order of information elements in the segment together with the answers and feedback. Right answers were reinforced by a complete sentence that restated the correct answer. If a question was answered wrongly, the feedback informed the subject of this fact followed by the message "click the mouse to repeat the related video fragment".
After clicking, this video fragment was repeated followed by a second attempt to answer the question. After this, a second feedback about right or wrong was provided, this time together with the right answer regardless of whether or not the second answer was right or wrong.
-After all questions of the segment were reviewed, the subject was allowed to continue the programme beginning with element i + k + 1. the information element that followed the last element of the completed segment.
In this way, the subject divided the video programme into segments by the repetition of watching, stopping, answering questions, getting feedback, with built-in repetition of video parts with respect to missed questions, and starting the next segment.
Subjects, conditions, and L~aria~les
Subjects were 117 university freshmen of several faculties of the University of Twente in The Netherlands.
They worked in one of two experimental conditions: 68 subjects worked in the so-called variable condition (VAR) in which the main programme was presented in its usual order; and 49 subjects worked in the crossed condition (CROSSED) in which the two halves of the main programme were interchanged. This last condition was introduced to study order effects. It was assumed that the information load as perceived by the subjects will determine the length of the video segments they select: longer segments for easy parts and shorter segments for more difficult parts of the video programme. The dependent variable used in the study is therefore the length of self-chosen segments, counted as the number of information elements in each segment. The independent variables are the ratings of the formal features and the experimental conditions.
RESULTS
Mean self-chosen segment lengths
The results of the experiments showed self-chosen segment lengths of which the means per subject varied from 2.19 to 87.50, with a mean of mean length of 12.70 (SD = 11.77; VAR and CROSSED conditions pooled).
It is reported elsewhere that no evidence of order effects could be found [4] . Differences between the VAR and CROSSED conditions that would indicate such effects could not be observed. Figure 1 shows the mean self-chosen segment length as a function of the position in the programme. Each information element was part of one segment per subject. This means that every information element was part of as many segments as there were subjects. In Fig. 1 , the values of mean self-chosen segment length for each element number were computed by element as the mean length of all segments of which an element was a part. To be able to observe trends, for instance with respect to gradually shortening or lengthening of self-chosen segment length while working with the programme, a sufficient number of segments per subject are needed. For that reason it was decided to use only the data of subjects with 12 segments or more, and only data of subjects in the VAR condition (who worked in the normal order of the programme). Figure 1 shows that mean segment length appeared to vary as a function of the position in the programme: subjects as a group appeared to prefer shorter segments at one place in the programme than at other places. It could be that some parts of the programme are perceived as being easier than other parts. If all information elements were of equal information load. the line in Fig. 1 would be much more horizontal. That this did not happen may be caused by formal features of the information elements. This led to the following analyses. 
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ELEMENT NUMBER
Only data from VAR subjects with 12 segments or more (P&57). Fig. 1 . Mean self-chosen segment length by element number. 
Ejiects of formal features
Not all formal features are independent. The correlations between the different variables within the information elements of the programme are presented in Table 1 . Table 1 shows that in the experimental video programme, TT and PP can be considered as independent of each other and of the other variables. The significant correlations in the table are all low. AN and TX are weakly negatively correlated. This value is difficult to interpret, given the fact that the programme contains only one sequence of 11 information elements presented in the form of animation, while the absence of text in that part is considered to be accidental. The correlation between AN and BCC has some meaning because BCC plays a role throughout.
A high score on BCC means low between-channel correspondence.
The negative correlation with AN thus means that more animation means better BCC. Similarly, if superimposed texts are used, between-channel correspondence is often low. The formal features show significant but only very small correlations with mean self-chosen segment length if all segments of all subjects are taken together (Table 2) .
A possible reason for the findings is that all features (except AN) are rather evenly spread over the programme as a whole. Differences between subjects then tend to disappear by compensatory effects of other subjects. The individual subjects are, nevertheless, in a position to base their behaviour on formal features, especially for subjects with short mean self-chosen segment lengths given that the chain of information elements in the programme showed peaks and dips in density for each formal feature (Verhagen[4] ).
For each subject with sufficient segments (12 or more) the correlations of segment length and the formal-feature variables were determined. These correlation coefficients are plotted as functions of mean self-chosen segment lengths and the regression lines Table 3 and Fig. 2 . The fact that the regression with respect to PP did not reach significance (Table 3) was the reason to limit Fig. 2 to the plots of TT, TX, AN, and KC. Although the regression lines represent low correlations, the plots show that for some subjects substantial correlations exist. However, what is a positive correlation for one person, can be negative for another.
The direction of the lines for AN and BCC show that on average more AN or more BCC (which is a lower BCC score) allow longer mean self-chosen segment lengths. The explained variances for these factors are, however, small. For AN the amount of explained variance is 16%, for BCC 14% (Table 3) .
For short mean self-chosen segment lengths, more TT leads on the average to shorter segments. The influence is, however, very weak. The explained variance of the regression line is 10%. The density of TT is not equal at all places in the programme. This means that there were occasions for a correlation of segment length with TT to develop. The limited influence may therefore be interpreted as evidence that the subject matter of the programme was not too difficult, although care has to be taken because of the small effects.
The regression for TX shows that, on average, TX has hardly any influence on segment length, but for longer segments a small negative influence develops. However, care has to be taken because for longer segments TX is rather evenly spread over the programme, even though the explained variance is limited to 13 %.
PP seems not to influence mean self-chosen segment length in any way {Table 3).
DISCUSSION
Within the individual information elements, correspondence of narration and images (BCC) correlates weakly with the factors "text on screen" (TX) and "animation" (AN) ( Table 3) . TX is positively correlated with lack of KC (R = 0.2995). This agrees with the research of Heuvelman[l2], who recommended that abstract information may be supported by superimposed texts. The condition he mentioned, that the quantity of superimposed texts should in that case be chosen with care and should preferably take the form of keywords or key phrases, is fulfilled in the study [4] . AN is positively correlated with better BCC (R = 0.2748). This supports Wember's insight that abstract or difficult information may benefit from animation because of the opportunity to visualize the essentials of the message without distracting details[l I].
The existence of mean self-chosen segment lengths longer than nine implies that subjects found the time to memorize the information. The lack of correlation between implied facts (PP) and mean self-chosen segment length (Table 3 ) seems thereby to indicate that subjects stored the story as presented, without worrying too much about the kind of questions that they might receive. The present study was, however, not designed to find a detailed answer to this question. New experimental conditions, in which the number of questions as well as the kind of questions (for instance open questions versus multiple-choice questions) would be varied, are recommended to shed light on this matter.
The other formal features (number of technical terms, TT; superimposed text, TX; animation, AN; and between-channel correspondence, KC) show small, in most cases almost negligible correlations with mean self-chosen segment length, as evidenced by the intercepts and slopes of Table 3 . The scatter plots and regression lines of Fig. 2 suggest, nevertheless, some interesting considerations.
Individual dijgerences
The scatter plots show that each of the factors was variously important to different subjects. It is interesting that, for instance, TT correlated positively with mean self-chosen segment length for some subjects (subjects who liked to follow a discourse with new information without being interrupted too soon), and negatively for others (subjects who found segments difficult if too many technical terms were presented). Similar speculations apply to the other factors. Does superimposed text help some subjects, by the redundancy of its content, to maintain watching, and trigger other students to stop more quickly because the text hinders the discourse? The animation seems for almost all subjects to be positively correlated with mean self-chosen segment length, but large individual differences exist. Between-channel correspondence seems to increase mean self-chosen segment length for the majority of the subjects (for whom BCC is negatively correlated with mean self-chosen segment length; a higher BCC score means lower correspondence).
However, some subjects behaved differently and chose shorter segments if the between-channel correspondence was high. Were they sufficiently bored by the easiness of a presentation with high between-channel correspondence so that they stopped quickly to deal with the associated questions? These observations confirm the position of Salomon, who stated that there is "a rapidly growing body of empirical evidence to indicate that no media variable, minute or gross as it may be, affects all groups of learners in one and the same way"[l6, pp.395-3961. Still, rules for good audiovisual practice are indicated, to develop methods for optimal design decisions in given situations. Group-based trends may be informative in this respect as shown by the regression lines.
Technical terms
The regression line for TT shows that the presence of technical terms influenced mean self-chosen segment length. On average, this influence was very small and changed from negative for mean self-chosen segment length shorter than 15 information elements to positive thereafter. This agrees with the earlier speculation that the small influence of TT can be regarded as evidence that the subject matter of the programme was not too difficult. More technical terms in longer segments seem not to be a problem, whereby the positive slope may be explained by the fact that subjects who chose longer segments were more proficient in dealing with larger chunks of information.
Superimposed text
The trend with respect to TX shows that mean self-chosen segment length shows at first a weakly positive correlation with the amount of superimposed text. The negative slope of the trend line crosses the X-axis around a mean self-chosen segment length of about six information elements. This negative relationship may occur if text on screen limits or disturbs the continuity of the video presentation and may be caused by the numbers that appear as superimposed text on the video image. A completed list of numbered elements suggests a place to stop. It is elsewhere reported that the subjects stopped in 9% of the cases at the end of a list, which is about three times as often as would be expected if segments were concluded at random places [4] .
Animation
The trend of AN was expected to be clear because it was developed in such a way that all distracting details were excluded, to exploit the animation. The positive correlation with mean self-chosen segment length agrees with this assumption.
The animation relates, however, to only one sequence of 11 information elements, which makes it necessary to interpret this finding with care.
Between -channel correspondence
As with AN, the trend of BCC was according to the expectations.
Better between-channel correspondence is expected to lead to longer segments, as suggested by the regression line in Fig. 2(d) .
The effects that are observed in this study are rather small. Should that not lead to the conclusion that the audiovisual design features seem to be unimportant factors? Such a conclusion is not warranted.
The audiovisual design was based on the careful combined application of the formal features studied. This approach limits the possibilities to generate knowledge about isolated formal features, as these factors are exploited in combination throughout the experimental video programme in the way that audiovisual professionals maximize the impact of the instructional messages they develop. In less-optimal material, one or several of the features might have been more important.
This is a similar argument of that of Mayer[l7] , who suggested that one didactical measure-orienting activities-may lose its impact by proper utilization of other instructional variables. It is, in other words, necessary to design further experiments to study the individual features in more detail to obtain information about the importance of the individual factors.
Conclusions about formal features
(1) (2)
PLBN. W. VERHAGEN
The information elements as they were identified within the experimental video programme can be considered as content units. Subjects tend to perceive narrated sentences as one whole, regardless of the number of facts implied. The number of technical terms in each segment seems not to be a factor that influenced mean self-chosen segment length to such an extent that the subject matter was perceived as difficult by the subjects. Superimposed text shows a trend from a small positive relationship to mean self-chosen segment length (for lengths shorter than about six information elements) and a small negative relationship with mean self-chosen segment length for lengths that are longer. This relationship is, however, weak in this study. Animation is positively, but moderately, correlated with mean self-chosen segment length. Between-channel correspondence stimulates the selection of longer segments, albeit that the correlation is small.
